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To determine predictors of inducible sustained ventricular 
tachycardia or fibrillation by programmed electrical stim- 
ulation in patients with coronary artery disease and ven- 
tricular tachyarrhythmias, 14 clinical and angiographic 
variables were analyzed in 60 consecutive patients. All 
patients had angiograpbically documented coronary artery 
disease and symptomatic ventricular arrhythmias (sus- 
tained ventricular tachycardia in 21, ventricular fibrillation 
in 21 and nonsustained ventricular tachycardia in 18). 
Baseline programmed electrical stimulation while the pa- 
tient was not taking antiarrhythmic drugs was performed 
with use of single, double and triple extrastimuli and burst 
pacing from two right ventricular sites. The variables 
analyzed were presenting arrhythmia; presence, frequency 
and complexity of ventricular ectopic activity on baseline 
24 h electrocardiographic (Holter) monitoring; 270% nar- 
rowing in either the left anterior descending, proximal left 
anterior descending, right coronary or circumflex coronary 
artery (independently assessed); single, double or triple 
vessel coronary disease; anterior, apical or inferior wall 
motion abnormalities; segmental dyskinesia and ejection 
fraction. 
Thirty-seven patients (62%) had inducible sustained 
ventricular tachycardia (rate >lOO beats/min, duration 
>30 s or requiring cardioversion) and two patients (3%) 
had ventricular fibrillation induced. Eleven patients (18%) 
had nonsustained ventricular tachycardia (duration ~3 
beats, <30 s) induced and 10 patients (17%) had no 
inducible arrhythmia (duration <3 beats). Multivariate 
stepwise logistic regression analysis identified three inde- 
pendent variables predictive of inducible sustained ventric- 
ular arrhythmias: sustained ventricular tachycardia as the 
presenting arrhythmia (p = 0.0004), proximal left anterior 
descending artery lesion (p = 0.002) and anterior wall 
motion abnormality (p = 0.005). A multivariate predictor 
function incorporating these variables revealed a predictive 
accuracy of 88% for inducible sustained ventricular 
arrhythmia. 
Specific angiographic and clinical variables are, tbere- 
fore, useful in identifying patients with coronary artery 
disease and symptomatic ventricular arrhythmia likely to 
have inducible sustained ventricular tachycardia by pro- 
grammed electrical stimulation. 
(J Am CON Cardiol1989;13:63745) 
The use of programmed electrical stimulation to assess and 
treat sustained ventricular tachyarrhythmia is well recog- 
nized (l-3), although its role in nonsustained ventricular 
tachyarrhythmia remains controversial (47). Factors pre- 
dictive of clinical outcome have been examined in previous 
studies of survivors of sudden cardiac death, patients with 
sustained ventricular tachyarrhythmia and some patients 
with coronary artery disease (S-11). However, variables 
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specifically related to outcome of programmed electrical 
stimulation (that is, inducible sustained ventricular arrhyth- 
mias) have not been well defined in patients with symptom- 
atic ventricular tachyarrhythmia who are homogeneous with 
respect to the presence of coronary artery disease. Recent 
studies have indicated that variables predictive of pro- 
grammed electrical stimulation outcome may include pre- 
senting arrhythmia (12), ejection fraction (13). spontaneous 
complex ectopic activity on ambulatory electrocardio- 
graphic (ECG) monitoring (14), anatomic substrate (15) and 
signal-averaged ECG late potentials (16). However, these 
studies have been performed in heterogeneous groups of 
patients whose differences in arrhythmia inducibility were 
attributed to the varying presence of coronary artery disease 
(12,17), and in whom the variables examined were not 
uniformly predictive of outcome (17). 
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Table 1. Clinical Characteristics of 60 Patients 
Total (no.) 
Men/women (no.) 
Age (yr) 
Ejection fraction (%) 
Clinical presentation (no.) 
60 
45115 
62 -c 10 
33 ? 13 
Sudden death 25 
Syncope I.5 
Dizziness 12 
Palpitation 8 
Presenting arrhythmia (no.) 
SW-VT 21 
NS-VT 18 
VF 21 
NS-VT = nonsustained ventricular tachycardia; SW-VT = sustained 
ventricular tachycardia; VF = ventricular fibrillation. 
This study was undertaken to determine whether certain 
clinical and angiographic variables are predictive of the 
results of programmed electrical stimulation in patients with 
known coronary artery disease and symptomatic ventricular 
tachyarrhythmias. We performed univariate and multiva- 
riate logistic regression analysis to determine independent 
predictors of inducible sustained ventricular arrhythmias. 
These independent predictive variables were then incorpo- 
rated into a logistic function that was constructed to predict 
probability of inducing sustained ventricular arrhythmias by 
programmed electrical stimulation. 
Methods 
Study patients. The study group consisted of 60 consec- 
utive patients with coronary artery disease referred to the 
Sinai Hospital arrhythmia service for evaluation of recurrent 
symptomatic ventricular tachyarrhythmia. All patients met 
the following criteria: 1) underlying coronary artery disease 
proved by cardiac catheterization; 2) no acute myocardial 
infarction during the 2 months preceding clinical presenta- 
tion of the arrhythmia; 3) no previous coronary artery 
bypass grafting or aneurysmectomy; and 4) baseline pro- 
grammed electrical stimulation performed while the patient 
was not taking antiarrhythmic drugs 05 half-lives) other 
than digoxin, beta-adrenergic blockers or calcium channel 
blockers prescribed for angina or congestive heart failure. 
Table 1 summarizes the clinical characteristics of the 
study patients. There were 45 men and 15 women aged 62 + 
10 years (mean +- SD) (range 42 to 81). All patients had 
documented symptomatic ventricular tachyarrhythmia (sus- 
tained ventricular tachycardia in 21, ventricular fibrillation in 
21 and nonsustained ventricular tachycardia in 18). The 
presenting arrhythmia was not associated with acute (<2 
months) myocardial infarction, electrolyte imbalance or drug 
toxicity. The clinical presentation was sudden death in 25 
patients, syncope in 15, dizziness in 12 and palpitation in 8. 
All patients had angiographically documented coronary ar- 
tery disease by cardiac catheterization. Ejection fraction as 
assessed by contrast left ventriculography (58 patients) or 
radionuclide left ventriculography (2 patients) was 33 2 13% 
(range 11 to 75%). 
Baseline studies: cardiac catheterization. All patients un- 
derwent baseline cardiac catheterization, 24 h Holter ECG 
monitoring and electrophysiologic testing with programmed 
electrical stimulation. Cardiac catheterization with selective 
coronary arteriography and left ventriculography by the 
percutaneous transfemoral (Judkins) technique were per- 
formed in all patients (except in two patients who underwent 
radionuclide ventriculography because injection of a large 
contrast dye load was medically contraindicated). 
A coronary artery lesion was considered signijicant if the 
luminal diameter in any portion of the artery or one of its 
branches was reduced by ~70% (~-50% for the left main 
coronary artery). Patients were classified as having left 
anterior descending, right, left circumflex or left main coro- 
nary artery disease. Significant narrowing proximal to or 
involving the first septal perforator branch of the left anterior 
descending coronary artery (segment 6, American Heart 
Association classification [ 181) was separately noted in each 
patient. 
Left ventricular segmental wall motion was viewed in the 
30” right anterior oblique projection and divided into the 
three major segments (anterior, apical and inferior). Individ- 
ual segments were classified as normal or abnormal (akinetic 
or dyskinetic). Ejection fraction was calculated from con- 
trast or radionuclide left ventriculography in the right ante- 
rior oblique projection (19). 
Electrophysiologic studies. Baseline electrophysiologic 
studies were performed in all patients after all antiarrhyth- 
mic drugs (other than digoxin, beta-adrenergic blockers and 
calcium channel blockers) were discontinued for >5 half- 
lives. Programmed electrical stimulation was performed with 
patients in the postabsorptive nonsedated state. Standard 
quadripolar electrode catheters were inserted through the 
femoral, brachial or subclavian vein; the right femoral artery 
was cannulated for hemodynamic monitoring and for left 
ventricular stimulation. Programmed electrical stimulation 
was performed with a digital stimulator that delivers rectan- 
gular pulses at 1 ms duration at two times diastolic threshold 
(<4 mA). Surface leads I, aVF, V, and V, and intracardiac 
electrograms were simultaneously displayed on an oscillo- 
graphic recorder (Electronics for Medicine VR-16). Analog 
data were displayed on a spray-ink recorder (Siemens 
Mingograph) for real-time analysis at paper speeds of 25,50 
and 100 mm/s and stored on magnetic tape. Programmed 
electrical stimulation was performed using single, double 
and triple extrastimuli at two ventricular pacing rates (600, 
500 or 450 ms), followed by ventricular decremental burst 
pacing (10 consecutive beats at decreasing cycle lengths until 
2: 1 pacing noncapture). Programmed electrical stimulation 
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was performed at two right ventricular sites (apex and 
outflow tract), with induction of sustained ventricular tachy- 
cardia or ventricular fibrillation as the end point. Left 
ventricular stimulation was performed if no sustained 
tachyarrhythmia was induced at the two right ventricular 
sites. 
Sustainrd ventricular tachycardia was dqfined as ventric- 
ular tachycardia lasting >30 s or requiring termination by 
external cardioversion or overdrive pacing because of hemo- 
dynamic compromise. Nonsustained ventricular tachycardia 
was defined as at least three repetitive ventricular responses 
at a rate > 100 beatsimin and ~30 s in duration with sponta- 
neous termination. To be defined as inducible sustained 
ventricular tachycardia, ventricular fibrillation or nonsus- 
tained ventricular tachycardia the arrhythmia had to be 
reproducible. Noninducible arrhythmia was defined as the 
inability to induce ventricular tachycardia or ventricular 
fibrillation. 
Holter monitoring. Baseline 24 h Holter ECG monitoring 
was performed while the patient was not taking antiarrhyth- 
mic drugs. An Avionics 445B tape recorder was used with 
dual channel recordings (leads V, and V,). The tapes were 
analyzed with use of a model 660 Dynamic Electrocar- 
dioscanner. The presence and frequency of premature ven- 
tricular complexes and ventricular tachycardia runs (frequen- 
cy, maximal number of complexes/run) were quantitated. 
Rhythm tapes analyzed independently with a model 686 
Dynamic Electrocardiovalidator (Del Mar Avionics) re- 
vealed a 95% accuracy of our technician’s scan. All tapes 
were reviewed by at least one of the investigators. 
Statistical methods. Continuous data are presented as 
mean +- standard deviation. Student’s t test for unpaired 
samples (two-tailed), the chi-square test and Fisher’s exact 
probability test (two-tailed) were used where appropriate. In 
univariate analysis of variables, contingency table analysis 
of programmed electrical stimulation outcome (dichoto- 
mized into inducible and no inducible sustained ventricular 
arrhythmia) was performed for each of the 14 variables 
examined. These variables included: presenting arrhythmia; 
presence, frequency and complexity of ventricular ectopic 
activity on baseline 24 h Holter monitoring; significant left 
anterior descending, proximal left anterior descending, right 
coronary and circumflex coronary artery lesions; single, 
double or triple vessel disease; anterior, apical or inferior 
wall motion abnormalities, segmental dyskinesia and ejec- 
tion fraction. 
To dctrrminr independent predictors qf‘ programmed 
clectricnl .stimulation outc’omc, stepwise logistic regression 
analysis (20) wa:, applied to variables found to be significant 
in the univariate analysis, with inducible sustained ventric- 
ular arrhythmia as the dependent variable. This was done 
utilizing the SAS Institute’s LOGIST logistic regression 
computer program (21). A mathematical predictive instru- 
ment that could be utilized to determine the likelihood of 
inducible sustained ventricular arrhythmia was derived (see 
Appendix) (21). Discriminant function analysis was used to 
demonstrate the fit of the model (that is, the logistic regres- 
sion function’s ability to classify cases correctly as measured 
by standard statistical tests). Sensitivity, specificity, positive 
predictive value, negative predictive value and predictive 
accuracy were calculated according to standard definitions 
(see Appendix). Pearson’s r statistic was separately calcu- 
lated for estimation of correlation and interdependence of 
predictor variables identified by the multivariate analysis. A 
probability (p) <0.05 was accepted as the limit of signifi- 
cance. 
Results 
Programmed electrical stimulation results. Sustained ven- 
tricular arrhythmia was induced in 39 patients (65%). The 
induced arrhythmia was sustained monomorphic ventricular 
tachycardia in 37 patients and pleomorphic ventricular 
tachycardia degenerating into ventricular fibrillation in 2. 
Sustained ventricular tachycardia was induced using a single 
extrastimulus in 4 patients, double extrastimuli in 24, triple 
extrastimuli in 4 and burst pacing in 7. No patient with 
inducible sustained ventricular tachycardia required left 
ventricular stimulation. 
In 21 patients (35%). no sustained ventricular arrhythmias 
were induced. Eleven patients (18%) had nonsustained ven- 
tricular tachycardia induced and IO patients (17%) had no 
inducible arrhythmia. 
Relation of presenting arrhythmia to programmed electri- 
cal stimulation results (Fig. 1). Of the 21 patients presenting 
with sustained ventricular tachycardia. 20 (95%) had induc- 
ible sustained ventricular tachyarrhythmia. This is in con- 
trast to 9 (43%) of the 21 patients presenting with ventricular 
fibrillation (p = 0.0004) and 10 (56%) of the 18 patients 
presenting with nonsustained ventricular tachycardia (p = 
0.009). 
Relation of baseline Holter ECG monitoring to pro- 
grammed electrical stimulation results. No relation was 
noted between the results of programmed electrical stimula- 
tion results and the presence or absence of either complex 
ventricular ectopic activity or spontaneous ventricular 
tachycardia or the number or length of ventricular tachycar- 
dia runs. 
Distribution of coronary disease and wall motion abnor- 
mality and results of programmed electrical stimulation (Ta- 
bles 2 and 3). Significantly higher rates of inducible sus- 
tained arrhythmias were observed with the presence of 
disease of the left anterior descending coronary artery (p = 
0.008) and its first septal branch (segment 6) (p = 0.001). Left 
circumflex and right coronary artery disease had no influ- 
ence on the inducibility of sustained ventricular arrhythmias. 
Comparison of the distribution of multivessel disease 
showed no significant differences in the inducibility of sus- 
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tained ventricular arrhythmias, although only five patients 
had left main coronary artery disease. 
The effect of a segmental wall motion abnormality on the 
ability to induce sustained arrhythmia was assessed for 
anterior, apical and inferior segments (Fig. 2). Patients with 
anterior wall motion abnormalities had a significantly higher 
proportion of inducible sustained arrhythmia (p = 0.003). 
Apical or inferior wall motion abnormalities had no signifi- 
cant effect on the inducibility of sustained arrhythmia. Of 
note, patients with segmental dyskinesia (in any segment) 
had a statistically significant greater proportion of inducible 
sustained ventricular arrhythmia (p = 0.003). 
Ejectionfraction was not significantly different in patients 
with inducible sustained arrhythmia versus no inducible 
arrhythmia (30 ? 9 versus 32 ? 13%, respectively). There 
was, however, a significant difference in ejection fraction in 
patients with inducible sustained ventricular arrhythmia 
compared with patients who had induced nonsustained ven- 
tricular tachycardia (30 k 9 versus 46 + 18%, respectively, 
p = 0.0007). Patients with inducible sustained arrhythmia 
had a significantly lower ejection fraction than did those with 
no inducible sustained arrhythmia (30 ? 9 versus 39 ? 17%, 
Figure 1. Relation of presenting ventricular arrhythmia 
to results of programmed electrical stimulation. Patients 
presenting with sustained ventricular tachycardia 
(SUST-VT) had a greater incidence of inducible sus- 
tained ventricular tachyarrhythmias than did those pre- 
senting with ventricular fibrillation (VF) (p = 0.0004) or 
nonsustained ventricular tachycardia (NS-VT) (p = 
0.009). 
respectively, p = 0.008). The latter group was a combined 
group of patients with no inducible arrhythmia or inducible 
nonsustained ventricular tachycardia. 
Univariate analysis of predictors for inducible sustained 
ventricular tachyarrhythmias (Table 4). Table 4 lists signifi- 
cant predictors of inducible sustained ventricular arrhyth- 
mias with their sensitivity, specificity, positive and negative 
predictive values and predictive accuracy. 
Multivariate predictors for inducible sustained tachy- 
arrhythmias. Stepwise logistic regression was applied to the 
significant univariate predictors of inducible sustained 
arrhythmia. These variables were entered as “regressors” 
after appropriate coding. The presence or absence of induc- 
ible sustained ventricular arrhythmia was entered as the 
“dependent” variable. Variables found to be significant 
independent predictors of inducible sustained ventricular 
arrhythmias were (in order of their power of prediction): 
ventricular tachycardia as the presenting arrhythmia (chi- 
square = 12.66, p = 0.0004), proximal left anterior descend- 
ing artery (segment 6) lesion (chi-square = 9.32, p = 0.0023) 
and anterior wall motion abnormality (chi-square = 7.60, 
p = 0.0058). The Pearson’s correlation coefficients calcu- 
Table 2. Distribution of Coronary Artery Disease and Wall Motion Abnormality in 60 Patients 
Coronary Disease (n = 60) Wall Motion Abnormality (n = 58) 
RCA 9 (15%) Ant 1(2%) 
LAD 11 (18%) Apx 5 (9%) 
LCX 1 (2%) Inf 10 (17%) 
LMCA 5 (8%) Ant t inf 2 (3%) 
RCA t LAD 13 (22%) Ant t apx 12 (21%) 
LAD t LCx 2 (3%) Inf t apx 7 (12%) 
LCx t RCA 3 (5%) ANT t apx t inf 10 (17%) 
RCA t LAD t LCx 16 (27%) No abnormality 11 (19%) 
Proximal LAD (SEG6) 19 (32%) 
Apx = apical wall; Ant = anterior wall; INF = inferior wall; LAD = left anterior descending coronary artery; 
LMCA = left main coronary artery; LCx = left circumflex coronary artery; No abnormality = no akinesia or 
dyskinesia; RCA = right coronary artery; SEG6 = segment 6. 
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Table 3. Distribution of Coronary Disease and Results of 
Programmed Electrical Stimulation 
Inducible 
Sust-VTiVF 
No Inducible 
Sust-VTiVF p Value 
LAD 
No LAD 4 9 
RCA 21 14 
NS 
No RCA x 6 
LCX 
No LCx 21 I? 
No SEG6 1x 18 
I vessel IO II 
2 vessel 13 5 
3 vessel 12 4 
LMCA 4 I 
Total 39 21 
NS (vs. 2 and 3 vessel) 
NS (vs. I and 3 vessel) 
NS (vs. I and 2 vessel) 
NS (vs. I, 2 and 3 vessel) 
Abbreviations a\ in Tables I and 2. 
lated separately for each of the variables in relation to the 
others were small (near zero) and insignificant, verifying the 
lack of interdependence of the chosen predictive variables: r 
= 0.050 (between presenting arrhythmia and segment 6 
lesion); r = 0.160 (between segment 6 lesion and anterior 
wall abnormality); r = 0.097 (between presenting arrhythmia 
and anterior wall abnormality). 
Discriminant function analysis. To evaluate the fit of the 
logistic regression model, the expected probability of induc- 
ible sustained ventricular arrhythmia was calculated for each 
patient. Figure 3 depicts the distribution of calculated prob- 
ability (expected probability) of inducible sustained ventric- 
ular arrhythmia over four probability intervals versus the 
number of patients observed to have the condition in each 
Figure 2. Relation of wall motion abnormality to results 
of programmed electrical stimulation. Patients with an- 
terior (ANT) wall motion abnormalities had a signifi- 
cantly higher proportion of inducible sustained ventric- 
ular tachyarrhythmias (SUST-VT/VF) (p = 0.003). APX 
= apical: INF = inferior; other abbreviations as in 
Figure I. 
interval. The negative predictive value in the low probability 
range (p < 0.25) was 100% (14 of 14 patients were correctly 
predicted to have no inducible sustained ventricular arrhyth- 
mia). The positive predictive value in the high probability 
range (p > 0.99) was also 1007f (14 of 14 patients were 
correctly predicted to have inducible sustained ventricular 
arrhythmia). At a cutoff calculated probability of 0.80 (that 
is, a patient with a probability value >0.80 would be consid- 
ered to have inducible sustained ventricular arrhythmia), the 
overall sensitivity of the model was 89% (prediction was 
correct for 34 of 38 patients with inducible sustained ven- 
tricular arrhythmia); specificity was 85%~ (prediction was 
correct for 17 of 20 patients with no inducible ventricular 
arrhythmia): negative predictive value was 81% (prediction 
of no inducible sustained ventricular arrhythmia was correct 
in 17 of 21 patients): positive predictive value was 92% 
(prediction of inducible sustained ventricular arrhythmia 
was correct in 34 of 37 patients) and overall predictive 
accuracy was 88%. 
Discussion 
‘This study has identified specific angiographic variables 
(left anterior descending coronary artery and its first septal 
branch [segment 61 lesion, anterior wall motion abnormality) 
and a clinical variable (presenting arrhythmia being sus- 
tained ventricular tachycardia) as independent predictors of 
results of programmed electrical stimulation (that is, induc- 
ible sustained ventricular arrhythmia) in a group of patients 
with coronary artery disease and symptomatic ventricular 
tachyarrhythmias. After these variables were incorporated 
into a predictive function (derived through multivariate 
logistic regression analysis), their predictive accuracy for 
inducible sustained ventricular arrhythmias was found to be 
88%. 
Proximal left anterior descending disease. Our study 
shows that proximal left anterior descending coronary artery 
disease (segment 6) is a significant independent predictor of 
P 
A 15 
1 
I 
; 10 
1 
s 
5 
0 
AM NO ANT APX NO APX INF NO INF 
??p=o.o03 WALL MOTION ABNORMALITY 
642 VORPERIAN ET AL. JACC Vol. 13, No. 3 
PREDICTORS OF INDUCIBLE SUSTAINED ARRHYTHMIAS March 1. 1989:637-45 
Table 4. Univariate Predictors of Inducible Sustained Ventricular Tachyarrhythmias 
Sensitivity 
(%) 
Specificity 
(%) 
Positive 
Predictive 
Value (%) 
Negative 
Predictive 
Value (%) 
Predictive 
Accuracy 
(%) p Value 
Presenting arrhythmia 
Sust-VT vs. NS-VT 
Sust-VT vs. VF 
Coronary angiography 
LAD vs. no LAD 
SEG6 vs. no SEG6 
Left ventriculography 
Ant abnl vs. no ant abnl 
Segment dyskinesia 
67 90 9s 44 72 0.009 
69 92 95 51 76 0.0004 
89 45 74 69 73 0.008 
49 90 89 50 64 0.001 
58 85 88 52 67 0.003 
68 75 84 56 57 0.003 
Ant = anterior wall (combined anterobasal t anterior segments in 30” right anterior oblique projection [American Heart Association classification]); Segment 
dyskinesia = presence of aneurysm in any segment (vs. no dyskinesia present); other abbreviations as in Tables 1 and 2. 
inducible sustained ventricular arrhythmias. This confirms a 
report by Adhar et al. (15) on patients with coronary artery 
disease and a history of sudden cardiac death or sustained 
ventricular tachycardia. In that study, a segment 6 lesion 
was found to be an independent predictor of results of 
programmed electrical stimulation (inducible ventricular 
tachycardia), even though a slightly different definition of 
inducible ventricular tachycardia was used. Importantly, we 
found that the presence of multivessel disease resulted in no 
greater inducibility of sustained ventricular arrhythmia than 
did single vessel disease. No other study, however, has 
examined the relation of specific anatomic lesions and out- 
come of programmed electrical stimulation. Platia et al. (8), 
reporting on variables predictive of survival in patients with 
coronary artery disease, found a segment 6 lesion to be 
independently predictive of mortality. Taken collectively, 
the findings of these studies therefore, allude to the impor- 
tance of this coronary anatomic location (proximal and first 
septal branch) in arrhythmogenesis, although the exact 
mechanism is not clear. 
Segmental wall motion abnormality. Specific segmental 
wall motion abnormality was also found to be predictive of 
outcome of programmed electrical stimulation. Anterior wall 
motion dysfunction (akinesia/dyskinesia) was independently 
predictive of inducible sustained ventricular arrhythmia. 
Although univariate analysis identified dyskinesia in any 
anatomic segment as being a significant variable for induc- 
ible sustained ventricular arrhythmia, multivariate analysis 
did not substantiate this as an independent predictor. These 
results differ from those of Adhar et al. (15), who found 
inferobasal segment abnormality to be predictive of outcome 
of programmed electrical stimulation. Vlay et al. (22) ob- 
served inferobasal segmental wall motion dysfunction to be 
predictive of mortality in 80 patients with heterogeneous 
cardiac substrates and aborted sudden cardiac death. 
Presenting arrhythmia. In the present study, presenta- 
tion with sustained ventricular tachycardia was highly pre- 
dictive of inducible sustained ventricular arrhythmia. Nine- 
ty-five percent of patients who presented with sustained 
ventricular tachycardia had inducible sustained ventricular 
arrhythmia. These results are comparable with those re- 
ported by others (12,13,23) using slightly different definitions 
of inducibility in heterogeneous groups of patients. 
Patients in our study with nonsustained ventricular tachy- 
pj ‘,‘.. ~ ________ _ __.___ ... ...” .   .. _.._ _._._........ _ ‘......,“““. _ .. . .._._____......_..... 1” “.. ‘ ...‘......‘.........., 
Figure 3. Distribution of calculated probabilities of in- 
ducible sustained ventricular arrhythmias (SUST-VT/ 
VF) over four probability intervals. Those observed to 
have inducible sustained ventricular arrhythmias 
(SUST-VTNF) by programmed electrical stimulation 
are represented by the areas above the zero line in the 
bar graph, and those with no inducible sustained ven- 
tricular arrhythmias by the areas below the zero line. 
The percent of patients with inducible sustained ventric- 
ular arrhythmias at each probability interval appears at 
the top of the bar graph. 
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Figure 4. Predictor function algorithm for in- 
ducible sustained ventricular arrhythmias. P 
designates the calculated probability of induc- 
ible sustained ventricular arrhythmia during 
programmed electrical stimulation. SUST-VT. 
VF or NS-VT immediately preceding P desig- 
nates the presenting arrhythmia. ANT Abnl = 
anterior wall motion abnormality; SEG6 = 
proximal left anterior descending artery lesion: 
other abbreviations as in Figure I. 
SUST-VT F-=0.80 
PREsENrING ARRHmHML4 
VF kO.41 
i-&VT P= 0.92 
cardia had a (56%) rate of inducible sustained ventricular 
arrhythmia. This relatively high rate compared with that 
recently reported (6,7) in such patients may be secondary to 
the homogeneity of our patients group with respect to 
underlying heart disease and symptoms. 
The incidence rate of inducible sustuined ventricular 
mrrhythmiu M’UJ 4370 in our patients presenting with ventric- 
ular fibrillution. This rate is comparable with previously 
reported rates of 51% (13) and 43% (23), although it is 
somewhat lower than the 66% reported by Schoenfeld et al. 
(12). The higher incidence of arrhythmia induction in the 
latter study may reflect differences in the study groups. 
definitions of inducibility and aggressivity of the stimulation 
protocols. 
Clinical implications. In presenting the information con- 
tained in the predictor function in the form of a classification 
tree. we can arrive at an algorithm that can be of diagnostic 
aid to clinicians evaluating patients with coronary artery 
disease and symptomatic ventricular tachyarrhythmias (Fig. 
4). The algorithm is determined by selecting the most pow- 
erful predictor (that is, the presenting arrhythmia) as the root 
of the classification, and then partitioning at the next most 
powerful predictor (that is. the presence of a proximal left 
anterior descending artery [segment 61 lesion) and then again 
by anterior wall motion abnormality. 
Application of this algorithm may obviate the need for 
electrophysiologic studies in specific groups of patients. For 
instance, when this algorithm is applied to patients with 
sustained ventricular tachycardia, a high probability of in- 
ducible sustained arrhythmias is observed. These patients 
are, thus, candidates for appropriate serial electrophysiolog- 
ic testing. Patients who present with nonsustained ventricu- 
lar tachyarrhythmias and either a proximal left anterior 
descending artery (segment 6) lesion or an anterior wall 
motion abnormality have a high probability (p > 0.86) of 
having inducible sustained ventricular arrhythmias and 
should also be subjected to programmed electrical stimula- 
tion testing. In contrast. patients who present with non- 
sustained ventricular tachycardia with no anterior wall mo- 
tion abnormality and no segment 6 lesion show a low 
probability (p = 0.19) of inducible sustained arrhythmias. 
These patients would, thus, not benefit from programmed 
VT P= 0.28 r YTS NS-VT P=O.86 
Lrw VT F= 0.01 NS-VI P=S.19 
electrical stimulation testing. Patients who present with 
ventricular fibrillation who have both a segment 6 lesion and 
an anterior wall motion abnormality show a high calculated 
probability (p = 0.95) of inducible sustained arrhythmias and 
should be subjected to electrophysiologic testing. Con- 
versely, patients who present with ventricular fibrillation 
and without a (segment 6) lesion or an anterior wall motion 
abnormality show a low probability (p < 0.41) and, there- 
fore, may not benefit from programmed electrical stimula- 
tion testing. Alternative forms of therapy (such as use of an 
automatic implantable cardioverter-defibrillator) in such pa- 
tients could be considered earlier in the course of evaluation. 
It is important prospectively to apply these variables in 
the predictor function in larger groups of patients with 
coronary artery disease to confirm and substantiate these 
findings. Similarly, extrapolation of these predictive ana- 
tomic variables to patients with coronary artery disease but 
no clinical ventricular tachyarrhythmias may be useful in 
risk stratification and in determining the need for pro- 
grammed electrical stimulation testing. 
Limitations of study. The classification of the presenting 
arrhythmia may in some cases not represent the actual 
initiating tachyarrhythmia in a given patient. For example, 
some of the 21 patients presenting with out of hospital 
ventricular fibrillation may indeed have had prolonged ven- 
tricular tachycardia degenerating to ventricular fibrillation. 
Similmly, 12 leud ECG recording of the presenting sus- 
tained ventricular tachycardia wus not ulw:ays mailable. 
Thus. the inducible sustained ventricular tachycardia in such 
patients, though reproducible, may not in all cases represent 
the clinical tachyarrhythmia. However. all patients labeled 
as having inducible sustained ventricular tachycardia had 
reproducible monomorphic sustained ventricular tachycar- 
dia at programmed electrical stimulation. 
The conclusion that the presenting arrhythmia is a pre- 
dictor of inducible sustained arrhythmias is a result of 
statistical comparisons involving three groups of patients. 
each with a different symptomatic ventricular tachyarrhyth- 
mia (sustained ventricular tachycardia, nonsustained ven- 
tricular tachycardia and ventricular fibrillation). The validity 
of this conclusion and the statistical inferences that follow 
are, in part. dependent on the proportion of patients who 
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presented with sustained ventricular tachycardia in the pa- 
tients studied. For example, if the study group was entirely 
composed of patients who presented with sustained ventric- 
ular tachycardia, the presenting arrhythmia would not ap- 
pear as a clinical predictor of outcome of programmed 
electrical stimulation. The Bayesian limitation should, thus, 
be kept in mind (that is, the likelihood of inducible sustained 
arrhythmia in a patient who presents with sustained ventric- 
ular tachycardia is high compared with a relatively low 
likelihood of inducibility in a patient who presents with 
nonsustained ventricular tachycardia and ventricular fibril- 
lation). 
Segmental wall motion analysis was performed in the 30” 
right anterior oblique projection only. Additional useful 
information from septal and lateral wall motion abnormali- 
ties may have been provided by the 60” left anterior oblique 
projection. 
The number ofpatients with isolated left circumflex or left 
main coronary artery disease was small. A larger proportion 
of patients with such anatomic coronary lesions could po- 
tentially provide other important relations to outcome of 
programmed electrical stimulation. 
Statistical Appendix 
Definitions 
True positive = TP 
False positive = FP 
True negative = TN 
False negative = FN 
Sensitivity = TP/(TP t FN); specificity = TN/(TN t FP) 
Positive predictive value = TP/(TP t FP) 
Negative predictive value = TN/(TN t FN) 
Accuracy = TP t TN/(TP t TN t FP t FN) 
Logistic Regression Function 
P = [l t exp (b, t Z b,.X,)]-’ 
where P is the probability that sustained ventricular arrhythmia is 
induced, expressed as a value ranging from 0.0 to 1.0; exp repre- 
sents e, the base of the natural log; b, is a constant; bi is a regression 
coefficient or weight corresponding to each clinical or angiographic 
variable(s) (b, is the coefficient of the presenting arrhythmia; b, is 
the coefficient of proximal left anterior descending artery disease 
[SEG6]; b, is the coefficient of anterior wall motion abnormality 
[ANT Abnl]) and Xi is given its appropriate value as indicated 
below. 
b,, = 4.247 b, = -2.82 b, = -3.92 b, = -3.32 
X,: VT = 2 X,: SEG6 Present = 1 X,: ANT Abnl Present = 1 
NS-VT = 1 Absent = 0 Absent = 0 
VF = 0 
where ANT = anterior wall; NS-VT = nonsustained ventricular 
tachycardia, VF = ventricular fibrillation and VT = ventricular 
tachycardia. For example, a patient who presents with symptomatic 
nonsustained ventricular tachycardia and the following angiographic 
findings: anterior wall akinesia secondary to left anterior descending 
system disease, but no proximal (SEG6) lesion; the probability of 
inducible sustained arrhythmia is calculated as follows: 
P = [l t exp (4.247 t {lx - 2.82 t Ox - 3.92 t lx - 3.32 )I-’ I 
P = [I t exp (4.247 t {-6.14})]-’ 
P = [I t exp (-1.893)]-’ t [1.150619]-’ = 0.8690 
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